In this study, the common symmetrical and unsymmetrical short circuit faults in power systems are analyzed detailed. Unlike the similar studies in the literature, metallic fault conditions for unsymmetrical faults are also given in the paper additionally. For this aim, a short circuit analysis algorithm is created for the analysis of both three phase short circuit, line-to-line short circuit with fault impedance, metallic line-to-line short circuit, double line-to-ground short circuit with fault impedance, metallic double line-to-ground short circuit, line-to-ground short circuit with fault impedance and metallic line-to-ground short circuit. The obtained algorithm is established as software in MATLAB. The algorithm is applied on a sample power test system and the results are given.
INTRODUCTION
The providing of the electrical energy continuously and healthy is very important for both the consumers and the power system. This situation depends on the continuity of the system operation in normal operation conditions [1] . The removing of all of the effects that force the system operate in abnormal operation conditions from the system as soon as possible is very important [2] . There are many situations that force a power system operate in abnormal operation conditions. The significant ones of these are the short circuit analyses in power systems are too important to determine the short circuit powers of the circuit breakers that are located in power systems [7] . On the other hand, it is required to know the voltage values in the buses where there is no fault during the short circuit fault. Because of these reasons, short circuit analyses in power systems are essential in terms of system security and control [8] [9] [10] .
Different type short circuit faults occur in three phase power systems. These faults are generally divided into two types as symmetrical faults and unsymmetrical faults. [11, 12] . Three phase short circuit is a symmetrical fault [13] . The faults through metallic or a fault impedance, line-to-line short circuit, double line-to-ground short circuit and line-to-ground short circuit are unsymmetrical faults [14] [15] [16] . In the literature, the short circuit calculations are generally done considering the power systems operate in balanced operation conditions before a fault occurs. Although the positive, negative and zero sequence circuits are independent in balanced normal operation conditions, during a short circuit fault, more precisely during unsymmetrical faults, the sequence circuits connect to each other in the fault point and they cannot be independent. [17] . So, symmetrical components method is useful and essential in short circuit analyses [18] .
In this study, the analysis of the short circuit faults in electric power systems is aimed considering the general assumptions used in the literature [19] . For this aim, an algorithm that can calculate the short circuit currents in the fault point and the voltage values in the buses where there is no fault during fault condition by analyzing all of the symmetrical and unsymmetrical faults in power systems mentioned above is built. A software is done in MATLAB for the algorithm. The algorithm is applied on a sample test power system and all of the short circuit faults mentioned above are analyzed.
THE SHORT CIRCUIT FAULTS

General Short Circuit Model
All kind of short circuit faults can be analyzed through the Thevenin equivalent sequence circuits seen from the fault point in power systems. These Thevenin equivalent sequence circuits in a balanced three phase power system can be given in Fig. 1 [19] . In Fig. 1 , o V , 1 V and 2 V define the sequence voltages (zero, positive and negative, respectively). o I , 1 I and 2 I define the sequence currents (zero, positive and negative, respectively). H V defines the Thevenin voltage seen from the fault point. In this study, as the short circuit analyses are considered in balanced power systems, only the positive sequence circuit includes a voltage source. On the other hand, the load currents prior to short circuit faults are ignored in fault analysis. And, as the synchronous generators generate balanced EMFs, H V equals to EMF value of the synchronous generators. As "n" represents the bus number of the fault point in the system, o z , 1 z and 2 z define the (n,n) components of the sequence bus impedance matrices (zero, positive and negative bus impedance matrices, respectively).
The sequence voltages at the fault point can be generalized from 
In symmetrical short circuit faults, the sequence circuits given in Fig.1 keep independent. But in unsymmetrical short circuit faults, the sequence circuits connect to each other at the fault point.
Symmetrical Faults
The metallic three phase short circuit fault in a power system is a symmetrical fault. Although three phase short circuit is balanced, symmetrical components method is useful to analyze this short circuit.
Three Phase Short Circuit
The metallic three phase short circuit in a power system is given as schematic in Fig. 2 [20] . In Fig. 2 , a, b and c represent the three phases. As seen in Fig. 2 , the fault is symmetrical when a direct metallic short circuit occurs between the three phases (a, b, c) in any point of the power system. Thus, the phase voltages at the fault point are equal and zero.
Considering the phase "a" as reference, the sequence voltages of this phase can be given as;
By using the results of Eq. (3) in Eq. (1), the sequence currents are derived as;
By using the results of Eq. (4) in Fig. 1 , the sequence circuits connections for three phase short circuit fault can be given in Fig. 3 [21] . The phase currents flowing through phase "a", "b" and "c" at the fault point can be derived using Eq. (4) as;
The sequence voltage values of the buses where there is no fault can be derived as [21] ;
In Eq. (6), "k" represents the bus number where there is no fault. o kn z  , 1 kn z  and 2 kn z  define the (k,n) components of the sequence bus impedance matrices (zero, positive and negative bus impedance matrices, respectively). The phase voltage values of the buses where there is no fault can be derived from Eq. (6) as; 
Unsymmetrical Faults
The faults in three phase power systems through metallic or a fault impedance, line-to-line short circuit, double line-to-ground short circuit and line-to-ground short circuit are unsymmetrical faults. The sequence circuits cannot be independent and connect to each other according to the fault type when a short circuit fault occurs in a balanced three phase power system.
Line-to-Line Short Circuit with Fault Impedance
The line-to-line short circuit with a fault impedance in a power system is given as schematic in Fig. 4 [22] . In Fig. 4 , t z defines the fault impedance. From  Fig. 4 , the phase voltages and currents equations at the fault point can be derived as below:
Considering the phase "a" as reference, sequence currents can be defined from Eq. 
From Eq. (11), the sequence currents can be written as; 2 1 0,
Considering the phase "a" as reference, sequence voltages can be defined from Eq. (8) as;
From Eq. (12) and (13), the equation below is derived:
By using the results of Eq. (12) and (14) , the sequence circuits connections for the line-to-line short circuit with a fault impedance can be given in Fig. 5 [23]. 
By using Eq. (15) and (16), the short circuit phase currents flowing through phase "b" and "c" at the fault point can be derived as; 
The sequence and phase voltage values of the buses where there is no fault can be derived from Eq. (6) and (7) respectively given before.
Metallic Line-to-Line Short Circuit
The metallic line-to-line short circuit fault in a power system is given as schematic in Fig. 6 . 
Considering the phase "a" as reference, sequence currents can be defined from Eq. (20) and (21) as;
From Eq. (22), the sequence currents can be written as; 2 1 0,
Considering the phase "a" as reference, sequence voltages can be defined from Eq. (19) as;
From Eq. (24), the equation below is derived:
By using the results of Eq. (23) and (25), the sequence circuits connections for the metallic line-to-line short circuit fault can be given in Fig.  7 . The sequence and phase voltage values of the buses where there is no fault can be derived from Eq. (6) and (7) respectively given before.
Double Line-to-Ground Short Circuit with Fault Impedance
The double line-to-ground short circuit with fault impedance in a power system is given as schematic in Fig. 8 [24]. 
Considering the phase "a" as reference, sequence voltages can be defined from Eq. (30) as;
By reorganizing Eq. (33), the equation below can be written:
Eq. (30) can also be rewritten as;
By using Eq. (34) in Eq. (35), the equation below can be derived;
By using Eq. (32) in Eq. (36), the equation below can be derived;
By using the results of Eq. (32), (34) and (37), the sequence circuits connections for the double lineto-ground short circuit with fault impedance can be given in Fig. 9 [25]. From Fig. 9 , the positive sequence current can be calculated as;
By applying the current divider formula to the circuit given in Fig. 9 , the zero and negative sequence currents can be derived as below; 
By using Eq. (38)-(40), the short circuit phase currents flowing through phase "b" and "c" at the fault point can be derived as; 2  1  2  2   2  1  2   2   2  2  1  2   3  3  3   3  3   3  3  3 3
Metallic Double Line-to-Ground Short Circuit
The metallic double line-to-ground short circuit fault in a power system is given as schematic in Fig. 10 . 
Considering the phase "a" as reference, the relation between the sequence currents can be defined from Eq. (44) as;
Considering the phase "a" as reference, sequence voltages can be defined from Eq. (43) as;
By reorganizing Eq. (46), the equation below can be written:
By considering the equations given by Eq. (47) and (43) together, the equation below is derived;
From Eq. (46) and (48), the relation between the sequence voltages can be derived as;
By using the results of Eq. (45) and (49), the sequence circuits connections for the metallic double line-to-ground short circuit fault can be given in Fig. 11 . Figure 11 . Sequence circuits connections for metallic double line-to-ground short circuit fault in power system
From Fig. 11 , the positive sequence current can be calculated as;
By applying the current divider formula to the circuit given in Fig. 11 , the zero and negative sequence currents can be derived as below;
By using Eq. (50)-(52), the short circuit phase currents flowing through phase "b" and "c" at the fault point can be derived as;
Line-to-Ground Short Circuit with Fault Impedance
The line-to-ground short circuit with fault impedance in a power system is given as schematic in Fig. 12 [26] . Considering the phase "a" as reference, the relation between the sequence currents can be defined from Eq. (56) as;
From Eq. (57), the sequence currents are derived as below;
Considering the phase "a" as reference, the relation between the sequence voltages can be defined from Eq. (55) as;
By using Eq. (58) in Eq. (59), the equation below can be derived;
By using the results of Eq. (58) and (60), the sequence circuits connections for the line-toground short circuit with fault impedance can be given in Fig. 13 [27]. 
By using Eq. (61), the short circuit phase current flowing through phase "a" at the fault point can be derived as;
Metallic Line-to-Ground Short Circuit
The metallic line-to-ground short circuit fault in a power system is given as schematic in Fig. 14. 
Considering the phase "a" as reference, the relation between the sequence currents can be defined from Eq. (64) as; Considering the phase "a" as reference, the relation between the sequence voltages can be defined from Eq. (63) as;
By using the results of Eq. (66) and (67), the sequence circuits connections for the metallic line-to-ground short circuit fault can be given in Fig. 15 . 
By using Eq. (68), the short circuit phase current flowing through phase "a" at the fault point can be derived as;
THE SHORT CIRCUIT ANALYSIS ALGORITHM
In this section, a short circuit analysis algorithm that can analyze all of the short circuit faults given in section 2. The algorithm is written as software in MATLAB. The algorithm can calculate the short currents and the voltage values of the buses where there is no fault in power systems by analyzing the short circuit faults. The schematic representation of the proposed algorithm is given in Fig. 16 and the details of the steps in Fig. 16 are given below the figure. Step 2: Create the sequence bus admittance matrices ( bus o y  , 1 bus y  and 2 bus y  ) by using the read values in step 1.
Step 3: Create the sequence bus impedance matrices ( bus o z  , 1 bus z  and 2 bus z  ) by inversing the sequence admittance matrices derived in step 2.
Step 4: Enter the bus number where the short circuit fault occurs.
Step 5: Select the short circuit fault type that is required to analyze (three phase short circuit fault? line-to-line short circuit fault? double lineto-ground short circuit fault? line-to-ground short circuit fault?).
Step 6: Is the selected fault in step 5 three phase short circuit fault?
Step 7: Enter the value of the short circuit fault impedance t z .
Step 8: Is the value of the short circuit fault impedance 0 t z  ?
Step 9: Is the selected fault type line-to-line short circuit fault, double line-to-ground short circuit fault or line-to-ground short circuit fault?
Step 10: Is the selected fault type line-to-line short circuit fault, double line-to-ground short circuit fault or line-to-ground short circuit fault?
Step 11: Calculate the short circuit currents a I , b I ve c I that occur at the fault point by using Eq. (5).
Step 12: Calculate the short circuit currents b I and c I that occur at the fault point by using Eq. (17) and (18).
Step 13: Calculate the short circuit currents b I and c I that occur at the fault point by using Eq. (28) and (29).
Step 14: Calculate the short circuit currents b I and c I that occur at the fault point by using Eq. (41) and (42).
Step 15: Calculate the short circuit currents b I and c I that occur at the fault point by using Eq. (53) and (54).
Step 16: Calculate the short circuit current a I that occurs at the fault point by using Eq. (62).
Step 17: Calculate the short circuit current a I that occurs at the fault point by using Eq. (69).
Step 18: Calculate the sequence currents at the fault point by using Eq. (4).
Step 19: Calculate the sequence currents at the fault point by using Eq. (11).
Step 20: Calculate the sequence currents at the fault point by using Eq. (22).
Step 21: Calculate the sequence currents at the fault point by using Eq. (38)-(40).
Step 22: Calculate the sequence currents at the fault point by using Eq. (50)-(52).
Step 23: Calculate the sequence currents at the fault point by using Eq. (57).
Step 24: Calculate the sequence currents at the fault point by using Eq. (65).
Step 25: Calculate the sequence and phase voltage values of the buses where there is no fault by using Eq. (6) and (7).
Step 26: Calculate the real values of the short circuit phase currents and the phase voltage values of the buses where there is no fault through the p.u. values of them calculated in the previous steps.
Step 27: Return to step 4 for a new short circuit analysis. 
RESULTS
The proposed short circuit analysis algorithm given in section 3 is applied to a sample 14-bus test power system given in Fig. 17 . Figure 17 . The 14-bus sample test power system
The system parameters of the test system shown in Fig. 17 are given in Table 1 , 2 and 3. The proposed algorithm is applied to the test system to analyze a three phase short circuit fault at bus 4. The short circuit currents Ia, Ib and Ic at the fault point (bus-4) and the phase voltages at the buses where there is no fault are given in Table  4 . Thevenin equivalent voltage value at the fault point is considered as vH=1.02∠0 o . The base power is considered as Sbase=100 MVA. The proposed algorithm is applied to the test system to analyze a line-to-line short circuit with a fault impedance at bus 7. The short circuit currents b I and c I at the fault point (bus-7) and the phase voltages at the buses where there is no fault are given in Table 5 . Thevenin equivalent voltage value at the fault point is considered as vH=1.05∠0 o . The fault impedance is selected as zt=(0.01+j0.025) (p.u.). The base power is considered as Sbase=100 MVA.
To compare the results of the line-to-line short circuit with a fault impedance with the metallic line-to-line short circuit fault, the proposed algorithm is applied to the test system to analyze a metallic line-to-line short circuit fault considering the same fault point and the parameters of the previous analysis for the lineto-line short circuit with a fault impedance. So, for the metallic line-to-line short circuit fault analysis, the fault point is selected as bus 7, Thevenin equivalent voltage value at the fault point is considered as vH=1.05∠0 o and the base power is considered as Sbase=100 MVA. The short circuit currents b I and c I at the fault point (bus-7) and the phase voltages at the buses where there is no fault for the metallic line-to-line short circuit fault analysis are given in Table 6 . The proposed algorithm is applied to the test system to analyze a double line-to-ground short circuit with a fault impedance at bus 10. The short circuit currents b I and c I at the fault point (bus-10) and the phase voltages at the buses where there is no fault are given in Table 7 . Thevenin equivalent voltage value at the fault point is considered as vH=1.03∠0 o . The fault impedance is selected as zt=(j0.03) (p.u.). The base power is considered as Sbase=100 MVA. To compare the results of the double line-toground short circuit with a fault impedance with the metallic double line-to-ground short circuit fault, the proposed algorithm is applied to the test system to analyze a metallic double line-toground short circuit fault considering the same fault point and the parameters of the previous analysis for the double line-to-ground short circuit with a fault impedance. So, for the metallic double line-to-ground short circuit fault analysis, the fault point is selected as bus 10, Thevenin equivalent voltage value at the fault point is considered as vH=1.03∠0 o and the base power is considered as Sbase=100 MVA. The short circuit currents b I and c I at the fault point (bus-10) and the phase voltages at the buses where there is no fault for the metallic double line-to-ground short circuit fault analysis are given in Table 8 .
The proposed algorithm is applied to the test system to analyze a line-to-ground short circuit with a fault impedance at bus 13. The short circuit current a I at the fault point (bus-13) and the phase voltages at the buses where there is no fault are given in Table 9 . Thevenin equivalent voltage value at the fault point is considered as vH=1.04∠0 o . The fault impedance is selected as zt=(0.012+j0.035) (p.u.). The base power is considered as Sbase=100 MVA. To compare the results of the line-to-ground short circuit with a fault impedance with the metallic line-to-ground short circuit fault, the proposed algorithm is applied to the test system to analyze a metallic line-to-ground short circuit fault considering the same fault point and the parameters of the previous analysis for the lineto-ground short circuit with a fault impedance. So, for the metallic line-to-ground short circuit fault analysis, the fault point is selected as bus 13, Thevenin equivalent voltage value at the fault point is considered as vH=1.04∠0 o and the base power is considered as Sbase=100 MVA. The short circuit current a I at the fault point (bus-13) and the phase voltages at the buses where there is no fault for the metallic line-to-ground short circuit fault analysis are given in Table 10 . 
CONCLUSION
This paper presents a study to analyze the common symmetrical and unsymmetrical short circuit faults in electric power systems. For this aim, all kind of short circuit faults are studied detailed and their short circuit fault models are derived considering the assumptions commonly used in the literature. Apart from the similar studies in the literature, metallic fault conditions for unsymmetrical short circuit faults are also analyzed in the study additionally. Then, an algorithm for the power systems to analyze these short circuit fault types to determine the short circuit currents at the fault points and the voltages of the buses where there is no fault in the system. A software is created for the proposed algorithm in MATLAB. The proposed short circuit analysis algorithm is applied to a sample 14-bus test power system and each symmetrical and unsymmetrical short circuit faults are analyzed. 
